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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent servo information 
from being rewritten or erased on a patterned medium which 
employs a vertical recording system. 
SOLUTION: The magnetic recording medium is used for 
magnetic recording and reproduction of the vertical recording 
system and has recording tracks where unit fine recording 
parts 14 made of magnetic bodies are arrayed across 
nonrecording parts 16 made of nonmagnetic bodies. In a 
recording track, a data area 1 8 and a servo area 20 are 
present and the unit fine recording parts 1 4 are substantially 
equal in surface area between the data area 1 8 and servo 
area 20; and the value obtained by dividing the thickness of a 
unit fine recording part 1 4 by the square root of the surface 
area is regarded as an aspect ratio and then ARS/ARP is > 
1 .5, where ARD is the aspect ratio of the unit fine recording 
parts 14 in the data area 18 and ARS Is the aspect ratio of 
the unit fine recording part 14 in the servo area 20. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It faces across the non-Records Department which is the magnetic-recording medium used for 
magnetic-recording playback of a vertical recording method, and consists of non-magnetic material. It 
has the recording track which the unit minute Records Department which consists of the magnetic 
substance comes to arrange. A data area and a servo field exist in a recording track, and the surface area 
of the unit minute Records Department is substantially the same in a data area and a servo field. When 
the value which **(ed) thickness by the square root of surface area at the unit minute Records 
Department is made into an aspect ratio, the aspect ratio of the unit minute Records Department in a data 
area is expressed with ARD and the aspect ratio of the unit minute Records Department in a servo field 
is expressed with ARS, The magnetic-recording mediimi which is ARS/ARD>=1.5. 
[Claim 2] The magnetic-recording medium of claim 1 which is ARS/ARD<=10. 
[Claim 3] The magnetic-recording medium of claims 1 or 2 which are ARD<=4. 
[Claim 4] The magnetic-recording medium of claim 3 which is ARD>=1 . 

[Claim 5] One magnetic-recording medium of claims 1-4 by which the unit minute Records Department 
consists of any one sort of Co, Co-Cr, Co-Cr-Ta, Co-Cr-Pt, Co-Pt, Fe-Co, Fe-Co-Pt, and X-Y-Co (X is 
at least one sort of Dy, Gd, and Tb, and Y is at least one sort of La, Pr, Nd, and Sm). 
[Claim 6] One magnetic-recording medium of claims 1-5 each unit minute Records Department of 
whose is a single domain. 



[Translation done.] 
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* NOTICES * 

iJPO and INPII are not z-esponsxble for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the structure of the magnetic-recording medium of a 
vertical recording mold of having high recording density especially, about a magnetic-recording medium 
about the magnetic-recording medium used for magnetic recorder and reproducing devices, such as a 
magnetic disk drive (HDD; hard disk drive), at a detail further. 
[0002] 

[Description of the Prior Art] As for large capacity storage, especially hard disk drive equipment, large- 
capacity-izing and densification are progressing remarkably from points, such as a high data transfer 
rate, rapid access, high-reliability, and a low price. The improvement in surface recording density is 
attained by micrifying of the record magnetic domain formed into a magnetic-recording layer, it exceeds 
5 gigabits per 1 present square inch, and the development which aimed at 100 gigabits from 10 gigabits 
is progressing. 

[0003] As the magnetic head which performs record playback, an inductive head is used as a recording 
head and the compound-die magnetic head which carried these in the slider is used by using a magneto- 
resistive effect mold head (MR head) as the reproducing head. Since an output is decided by flux 
reversal in the unit length in a hoop direction, however an MR head may narrow the width of recording 
track theoretically, an output does not decrease. Therefore, it can count upon narrow track-ization by 
using an MR head. The same thing can say also about the giant magneto-resistance mold head (OMR 
head) which can furthermore expect high recording density. 

[0004] However, if the width of recording track becomes too much narrow, since the interference (cross 
talk) by the magnetic signal of an adjoining recording track will become large, degradation of a 
regenerative signal poses a problem. 

[0005] Moreover, although surface recording density can be improved also by compaction of record bit 
length, if record bit length is shortened too much, interference (partialness IREJA) of the magnetic 
signal between contiguity bits will become large, and degradation of a regenerative signal will pose a 
problem. 

[0006] Two or more Records Department which becomes JP,9-297918,A from the rectangle field which 
makes the width of recording track and the shortest bit convention length die length of two sides is 
prepared, two or more of these Records Department dissociates mutually by the clearance section, and is 
stationed, and the magnetic-recording mediimi which accumulates information at the Records 
Department is indicated. This medium is the so-called PATANDO medium. By the PATANDO 
medium, degradation of a cross talk and the regenerative signal by partialness IREJA can be reduced. 
[0007] It is possible by adopting a vertical recording method by the PATANDO medium to raise 
recording density ftirther. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, the field which records the servo information for 
die fracking of the magnetic head other than the field which records the usual information is required for 
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the magnetic-recording medium in hard disk drive equipment. However, the argument about how servo 
information is recorded in the PATANDO medium of a vertical recording mold was not made 
conventionally. 

[0009] The artificers of this invention reached the conclusion that what is necessary was just to perform 
record of servo information as well as data logging to the minute Records Department (henceforth the 
unit minute Records Department) in a PATANDO medium. However, the problem that servo 
information will be accidentally rewritten in that case in the case of record of data or its elimination, or it 
will be eliminated arose. 

[0010] This invention aims at preventing rewriting which servo information mistook, and elimination in 

the PATANDO medium which adopted the vertical recording method. 

[0011] 

[Means for Solving the Problem] Such an object is attained by this invention of following the (1) - (6). 
(1) Face across the non-Records Department which is the magnetic-recording medium used for 
magnetic-recording playback of a vertical recording method, and consists of non-magnetic material. It 
has the recording track which the unit minute Records Department which consists of the magnetic 
substance comes to arrange. A data area and a servo field exist in a recording track, and the surface area 
of the unit minute Records Department is substantially the same in a data area and a servo field. When 
the value which **(ed) thickness by the square root of surface area at the unit minute Records 
Department is made into an aspect ratio, the aspect ratio of the unit minute Records Department in a data 
area is expressed with ARD and the aspect ratio of the unit minute Records Department in a servo field 
is expressed with ARS, The magnetic-recording medium which is ARS/ARD>=1.5. 
(2) 

The magnetic-recording mediimi of the above (1) which is ARS/ARD<=10. 
(3) 

The above (1) or (2) magnetic-recording media which are ARD<=4. 
(4) 

The magnetic-recording medium of the above (3) which is ARD>=1 . 

(5) One magnetic-recording medium of above-mentioned (1) - (4) by which the unit minute Records 
Department consists of any one sort of Co, Co-Cr, Co-Cr-Ta, Co-Cr-Pt, Co-Pt, Fe-Co, Fe-Co-Pt, and X- 
Y-Co (X is at least one sort of Dy, Gd, and Tb, and Y is at least one sort of La, Pr, Nd, and Sm). 

(6) One magnetic-recording medium of above-mentioned (1) - (5) each unit minute Records Department 
of whose is a single domain. 

[0012] 

[Function and Effect] In this invention, the aspect ratio in a servo field is set as 1.5 or more times of the 
aspect ratio in a data area. Thereby, in a servo field, the coercive force of the unit minute Records 
Department becomes high enough compared with a data area. Therefore, even when add to a servo field, 
a magnetic-recording medium is reformatted or record of a data area is eliminated accidentally [ field / 
which should be added only to a data area / record elimination ] by external magnetic fields other than a 
record elimination field, elimination of servo information can be prevented. 
[0013] 

[Embodiment of the Invention] This invention is applied mainly to a magnetic-disk medium. The 
example of a configuration of the magnetic-disk medium of this invention is shown in drawin g 1 as a 
top view. Moreover, the A-A sectional view of drawing 1 is shown in drawing 2 . 
[0014] The magnetic-disk medium 10 illustrated has the non- Records Department 16 which fills 
between the unit minute Records Department 14 which adjoins a hoop direction and much unit minute 
Records Department 14 which set spacing radially and has been stationed concentric circular or in the 
shape of a spiral on the disk-like substrate 12. The unit minute Records Department 14 consists of the 
magnetic substance which records information magnetically, and the non-Records Department 1 6 
consists of non-magnetic materials. Since each unit minute Records Department 14 will be in the 
condition of having been isolated magnetically nearly respectively thoroughly, it can prevent the cross 
talk and partialness IREUA between the adjacent unit minute Records Department. 
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[0015] At the unit minute Records Department 14, although the shape especially of surface type 
(configuration when seeing from the front- face side of a medium) is not limited, it is desirable that they 
are a square, a rectangle, circular, an ellipse form, etc., for example. 

[0016] In the example of a graphic display, the recording track which consists of the unit minute 
Records Department has extended in the longitudinal direction in drawing. The recording track is 
divided into the data area 1 8 where the data for rewriting are recorded, and the servo field 20 to which 
the servo information which is a constant is recorded. In the servo field, it is alternately arranged ranging 
over two recording tracks with which the unit minute Records Department 14 adjoins. 
[0017] Siu-face area (surface area when seeing from the front- face side of a medium) of the unit minute 
Records Department is substantially made the same in a data area 18 and the servo field 20. Specifically, 
it is desirable that the surface area in the servo field 20 is within the limits of 0.8 to 1 .2 times of the 
surface area in a data area 18. If a servo field differs in the surface area of the unit minute Records 
Department greatly from a data area, it will be hard coming to realize effectiveness of this invention. In 
addition, it is with a servo field and a data area, and the component of the unit minute Records 
Department is the same. 

[001 8] In this invention, the value which **(ed) thickness by the square root of surface area is defined as 
an aspect ratio at the unit minute Records Department. When the aspect ratio of the unit minute Records 
Department in a data area 1 8 is expressed with ARD and the aspect ratio of the unit minute Records 
Department in the servo field 20 is expressed with ARS, in this invention, it is referred to as 
ARS/ARD>=1.5 and is preferably referred to as ARS/ARD>=3. If ARS/ARD is set as above-mentioned 
within the limits, since the coercive force of the unit minute Records Department will become higher 
enough than a data area in a servo field, rewriting and incorrect elimination of servo information can be 
prevented. However, if ARS/ARD is too large, as a result of coercive force's becoming high too much in 
a servo field, record of servo information becomes difficult. Moreover, as a result of the aspect ratio in a 
servo field becoming high too much, it becomes difficult to form the unit minute Records Department of 
a servo field. Moreover, if an aspect ratio becomes high more than fixed, improvement in coercive force 
will be reaching the ceiling. Therefore, it is preferably referred to as ARS/ARD<=10 and is more 
preferably referred to as ARS/ARD<=5. 

[0019] Moreover, if ARD is too large, since coercive force will become high too much and 
informational rewriting will become difficult in a data area, it is preferably referred to as ARD<=4. 
However, if ARD is too small, since the stability of magnetic recording will become inadequate in a data 
area, it is preferably referred to as ARD>=1. 

[0020] Although especially the surface dimension of the unit minute Records Department 14 is not 
limited, it is usually desirable that die length of one side or a diameter is 0.01-1 .0 micrometers. In the 
case of a configuration with a major axis and a minor axis, it is desirable that the die length of a major 
axis is [ the die length of 0.02-1.0 micrometers and a minor axis ] 0.01-0.5 micrometers. Although 
especially the thickness of the unit minute Records Department 14 is not limited, it is usually desirable 
that it is within the limits of 0.01-1.0 micrometers. 

[0021] As for each unit minute Records Department 14, it is desirable that it is single domain structure. 
Since single domain structure, then the diameter of crystal grain which constitutes the unit minute 
Records Department can be enlarged, degradation of the magnetization by the thermal agitation can be 
suppressed. Moreover, single domain structure, then the switching rate of magnetization are accelerable. 

[0022] Although especially the magnetic material that constitutes the unit minute Records Department 
14 is not limited, it is desirable that it is an alloy containing Co, nickel, Fe(s), or these at least one sort, 
and any one sort of Co, Co-Cr, Co-Cr-Ta, Co-Cr-Pt, Co-Pt, Fe-Co, Fe-Co-Pt, and X-Y-Co (X is at least 
one sort of Dy, Gd, and Tb, and Y is at least one sort of La, Pr, Nd, and Sm) is desirable especially. 
[0023] By the magnetic-recording medium of this invention, the substrate layer may be formed between 
a substrate 12 and the unit minute Records Department 14. A subsfrate layer is prepared in order to carry 
out vertical orientation of the easy axis of for example, the unit minute Records Department. What is 
necessary is just to prepare such a substrate layer for orientation in contact with the unit minute Records 
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Department 14 that what is necessary is just to constitute from Pt or MgO. Moreover, since the medium 
of this invention is used by the vertical recording method, it is desirable to prepare a soft magnetism 
substrate layer between a substrate 12 and the unit minute Records Department 14. 
[0024] Moreover, in order to protect a medium front face from contact to the magnetic head, a protective 
layer and a lubricating layer may be prepared in a front face like the conventional medium. What is 
necessary is just to form a protective layer by the sputtering method etc. that what is necessary is just to 
constitute from C or Si02 grade. What is necessary is just to form a lubricating layer with a spin coat 
method etc. that what is necessary is just to constitute from well-known lubricant. 
[0025] As a non-magnetic material which constitutes the non-Records Department 16, one of 
polymerization compounds etc. is used among borides, such as carbide, such as nitrides, such as an 
oxide of Si02, aluminum 203, and Ti02 grade, Si3N4, and AIN, TiN, and TiC, and BN, and C system, 
CH system, and CF system. 

[0026] What is necessary is for a substrate 12 just to consist of usual magnetic-disk substrate 
ingredients, such as an aluminum containing alloy, glass, silicon, and amorphous carbon (Glassy 
Carbon). What is necessary is just to usually set tiiickness of a substrate 12 to about 500-1000 
micrometers. 

[0027] Next, with reference to drawing 3 , an example of an approach which manufactures the magnetic- 
recording medium of this invention is explained. 

[0028] First, as shown in drawing 3 (a), it becomes a mask at the time of forming the metal layer 21 
which consists of non-magnetic metal, such as Au, Ti, and Cr, as a substrate layer for electroplating, the 
non-magnetic layer 22 which serves as the non-Records Department 16 eventually, and the non-Records 
Department 16 by etching on the substrates 12, such as silicon, and sequential formation of the resist 
layer 26 which consists of a mask layer 24 which consists of Cr(s) etc., PMMA 

(polymethylmethacrylate), etc. is carried out. As for the metal layer 21, a non-magnetic layer 22, and the 

mask layer 24, it is desirable to form by the vacuum forming-membranes methods, such as a spatter and 

vacuum deposition. The resist layer 26 can be formed for example, by the applying method. 

[0029] Next, using an electron-beam-lithography method, as shown in drawing 3 (b), the resist layer 26 

is exposed in the shape of a dot so that it may become the array pattern of the unit minute Records 

Department 14. Subsequently, a development is performed and patterning of the resist layer 26 is carried 

out. 

[0030] Next, as shown in drawing 3 (c), the mask layer 24 is etched by using the resist layer 26 as an 
etching mask. 

[0031] Subsequently, the mask 40 shown in drawing 7 is prepared. This mask 40 has the opening 42 
corresponding to the servo field 20 shown in drawing 1 . This mask 40 is arranged on the mask layer 24 
by which patterning was carried out, dry etching of the non-magnetic layer 22 is carried out by using the 
mask layer 24 as an etching mask, and it considers as the condition which shows in drawing 3 (d). The 
etching depth at this time is made into the difference of the thickness of the unit minute Records 
Department in the servo field 20, and the thickness of the unit minute Records Department in a data area 
18. However, since it is the need that the metal layer 21 is exposed by this etching, the thickness of a 
non-magnetic layer 22 is set up said below difference smaller [ it is desirable and ] than said difference. 
When the thickness of a non-magnetic layer 22 is smaller than said difference, the metal layer 20 is also 
etched in part in the depth direction by this etching. 

[0032] Subsequently, while etching in part the field which the metal layer 21 exposed by performing dry 
etching by using the mask layer 24 as an etching mask where a mask 40 is removed in the depth 
direction, the exposed region of the non-magnetic layer 22 covered by the mask 40 is also etched. 
Consequently, as shown in dravdng 3 (e), crevice 30a corresponding to the unit minute Records 
Department 14 of a data area 18 and crevice 30b corresponding to the unit minute Records Department 
14 of the servo field 20 are formed. In addition, after this etching, the thickness of the metal layer 21 is 
set up so that the metal layer 21 may remain in crevice 30b. What is necessary is not to limit especially 
the etching approach of a non-magnetic layer 22 and the metal layer 21, but just to choose it from 
various approaches, such as RIB (Reactive lonBtching) and ion milling, suitably. 
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[0033] In addition, even if it uses the approach of etching further only the field which etches [ without 
using a mask 40 ] and is continuously equivalent to a servo field in addition to this from the condition 
shown in drawing 3 (c) using a mask 40, it is possible to consider as the condition which shows in 
drawing 3 (e). In this case, if it is the thickness which a non-magnetic layer 22 and the metal layer 21 
illustrate, since it is not necessary to etch simultaneously a non-magnetic layer 22 and the metal layer 21 
and they can be etched independently, the degree of freedom at the time of choosing the component and 
the etching approach of both layers can be made high. 

[0034] Then, as shown in drawing 3 (f), the above-mentioned crevices 30a and 30b are filled with the 
magnetic materials 32, such as Co, using electroplating. The magnetic material 32 is made to project 
fi-om the front face of a non-magnetic layer 22 at this time, and subsequently, if chemical mechanical 
polish (CMP) is performed, since it will become a stopper at the time of a nori-magnetic layer 22 being 
polish, the projection part of a magnetic material 32 is removed and it will be in the condition which 
shows in drawing 3 (g). In addition, what is necessary is just to perform chemical mechanical polish by 
about nine to 12 pH using Si02 with a particle size of 20-60nm. Thus, the magnetic-disk medium 10 
with all very flat front faces is obtained more thickly than the thickness of the unit minute [ the thickness 
of the unit minute Records Department 14 in the servo field 20 ] Records Department 14 in a data area 
18. 

[0035] Next, with reference to drawing 4 , other examples of the approach of manufacturing the 
magnetic-recording medium of this invention are explained. This approach is almost the same as the 
approach of forming a magnetic material 32 by the vacuum forming-membranes methods, such as a 
spatter and vacuum deposition, and also showing it in drawing 3 . 

[0036] Electroplating is not used for adhesion of a magnetic material 32 by this approach. Therefore, 
unlike drawing 3 (a), the metal layer 21 is not formed in drawing 4 (a). 

[0037] At the process shown in drawing 4 (b) and drawing 4 (c), even patteming of the mask layer 24 is 
performed like drawing 3 (b) and drawing 3 (c), respectively. 

[0038] At the process shown in drawing 4 (d), a non-magnetic layer 22 is etched in the thickness 
direction in part using the mask 40 shown in drawing 7 . Subsequently, a mask 40 is removed, etching is 
continued and it considers as the condition which shows in drawing 4 (e). In addition, even if it uses the 
approach of etching further only the field which etches [ without using a mask 40 ] and is continuously 
equivalent to a servo field in addition to this from the condition shown in drawing 4 (c) using a mask 40, 
it is possible to consider as the condition which shows in drawing 4 (e). 

[0039] Then, a magnetic material 32 is formed with a spatter, a vacuum deposition method, etc., and it 
considers as the condition which shows in drawing 4 (f). Subsequently, it considers as the condition 
which CMP removes the magnetic material 32 which projects from the fi-ont face of a non-magnetic 
layer 22, and shows in drawing 4 (g), and the magnetic-disk medium 10 is obtained. 
[0040] Next, with reference to drawing 5 and drawing 6 , other examples of the approach of 
manufacturing the magnetic-recording medium of this invention are explained. 
[0041] By this approach, first, as shown in drawing 5 (a), crevice 30c is formed in the front face of a 
base 1 2 so that the whole servo field may be included. This crevice can be formed with electron beam 
hthography or photolithography. The depth of this crevice 30c is made into the difference of the 
thickness of the unit minute Records Department in a servo field, and the thickness of the unit minute 
Records Department in a data area. 

[0042] Subsequently, a magnetic material 32 is made to adhere to base 12 front face by a spatter etc., as 
shown in drawing 5 (b). And the carbon layer 33 is formed by a spatter etc. on a magnetic material 32. 
[0043] Next, as shown in drawing 5 (c), the resist layer 26 is formed on the carbon layer 33, and 
patteming of this resist layer 26 is carried out so that it may become the array pattern of the unit minute 
Records Department 14, and it considers as the condition which shows in drawin g 5 (d). 
[0044] Subsequently, as shown in drawing 5 (e), after forming the mask layer 24 in the front face which 
the resist layer 26 top and the carbon layer 33 exposed, as shown in drawing 5 (f), the resist layer 26 is 
removed with the mask layer 24 on it. 

[0045] Subsequently, as shown in drawing 6 (g), the mask layer 24 is used as an etching mask, and the 
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carbon layer 33 is etched by RIE using oxygen gas etc. 

[0046] Subsequently, as shown in drawing 6 (h), a magnetic material 32 is etched by RIB etc. by using 
the mask layer 24 as an etching mask. 

[0047] Subsequently, as shown in drawing 6 (i), a non-magnetic layer 22 is formed in the mask layer 24 
top and the front face of the exposed substrate 1 2. 

[0048] Subsequently, by ultrasonic cleaning etc., the mask layer 24 and the non-magnetic layer 22 on it 
are removed, and it considers as the condition which shows in drawing 6 (j). In addition, the carbon 
layer 33 was formed because exfoliation of the mask layer 24 was enabled by ultrasonic cleaning. 
[0049] Subsequently, RIE using oxygen gas etc. removes the carbon layer 33 which remains on a 
magnetic material 32. Then, it considers as the condition which the front face of a magnetic material 32 
and a non-magnetic layer 22 is graduated by CMP etc., and shows in drawing 6 (k), and the magnetic- 
disk medium 10 is obtained. 
[0050] 

[Example] The magnetic-disk medium sample shown in a table 1 was produced using the manufacture 
approach shown in drawing 4 . The unit minute Records Department consisted of Co(es), and the non- 
Records Department consisted of Si02. The shape of surface type of the unit minute Records 
Department was made into the square. Die-length [ of one side ] L of this square in each sample is 
shown in a table 1 . In addition, the array pitch of the unit minute Records Department was taken as 2L 
also in any of the die-length direction of a recording track, and the cross direction. L= 56nm is 
equivalent to recording density 50 Gb/in2, L= 40nm is equivalent to recording density 100 Gb/in2, and 
L= 28nm is equivalent to recording density 200 Gb/in2. About each sample, the aspect ratio ARS and 
ARS/ARD in aspect ratio ARD in a data area and a servo field are shown in a table 1 , respectively. 
[0051] Moreover, the coercive force He of the unit minute Records Department in each of the data area 
of these samples and a servo field is shown in a table 1. In addition, this coercive force is the value 
measured by VSM (sample oscillatory type magnetometer) about the sample for measurement in which 
the unit minute Records Department which has the dimension and aspect ratio which are shown in a 
table 1 was formed on the substrate of 5mm angle. These samples for measurement were produced by 
the approach shown in drawing 4 . However, the process shown in drawing 4 (d), i.e., the process which 
prepares the unit minute Records Department where thickness differs, was skipped. 
[0052] It initialized by adding a uniform extemal magnetic field to these samples, and magnetizing all 
the unit minute Records Department to an one direction. 

[0053] In this condition, it was made to correspond to the record conditions of a data area, the record 
field was added to the data area and the servo field, and the existence of the flux reversal of a servo field 
was investigated. When flux reversal was not carried out, O was shown in a table 1, and when flux 
reversal was carried out, x was shown in a table 1 . 
[0054] 
[A table 1] 
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[0055] A table 1 shows that it will not be based on the surface dimension of the unit minute Records 
Department, and flux reversal will not arise in a servo field if ARS/ARD is in this invention within the 
limits. That is, even when recording on a data area and a record field is accidentally impressed also to a 
servo field, it turns out that servo information is not eliminated. On the other hand, with the sample with 
which ARS/ARD is less than this invention range, flux reversal arises in a servo field and the 
subsequent activity has become impossible. 

[0056] The effectiveness of this invention has been checked according to the above example. 
[Translation done.] 
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